The flavivirus Skalica was isolated from a bank vole in Czechoslovakia in 1976. It can be serologically distinguished from prototype strains of tick-borne encephalitis (TBE) virus and has a decreased virulence for adult mice. We have further defined the relationship of Skalica virus to other members of the TBE serocomplex (TBE European and Far Eastern subtypes, Langat and louping ill virus) by using a panel of 22 monoclonal antibodies, peptide mapping and RNA sequence analyses. By these criteria Skalica virus proved to be distinct from TBE virus and to be very closely related to Langat virus, differing by only two bases among a total of 416 nucleotides compared. The sequence of 22% of the Langat genome was determined and the encoded am:no acid sequences were derived. Comparison of th :se with the corresponding amino acid sequences of TBE virus revealed a similarity of 85 %, as opposed to 93 % similarity between the European and Far Eastern subtypes of TBE virus.
Introduction
The family Flaviviridae includes about 70 serologically related viruses (Calisher et al., 1989) . By cross-neutralization experiments using polyclonal immune sera, flaviviruses were subdivided into eight serocomplexes (De Madrid & Porterfield, 1974; Calisher et al., 1989) . The first serocomplex comprises tick-borne encephalitis (TBE), louping ill (LI), Negishi, Langat (LGT), Phnom Penh bat, Carey Island, Kyasanur Forest disease, Omsk haemorrhagic fever, Powassan, Karshi and Royal Farm viruses. Utilizing agar gel diffusion and antibody absorption experiments (Clarke, 1964) , as well as monoclonal antibodies (MAbs) and peptide mapping (Heinz & Kunz, 1981; Heinz et al., 1983) , TBE viruses have been differentiated into European and Far Eastern subtypes. The complete nucleotide sequences of a European isolate from Austria (strain Neudoerfl ; Mandl et al., 1988 Mandl et al., , 1989 ) and a Far Eastern isolate (strain Sofjin; Pletnev et al., 1986 Pletnev et al., , 1990 are consistent with their serological classification as subtypes of the same virus. The amino acid sequence identity of the envelope glycoproteins (E) of these two viruses is 95 %, as opposed to 62 to 82% between different virus types within certain flavivirus serocomplexes (reviewed by Heinz et al., 1990) . high degree of homogeneity, as revealed by peptide mapping and MAb studies (Heinz & Kunz, 1981 Guirakhoo et al., 1987) , which is consistent with recent comparative sequence analyses (C. W. Mandl, F. X. Heinz & C. Kunz, unpublished results) .
In 1976, a virus termed Skalica, which proved to be a member of the TBE serocomplex of flaviviruses, was isolated from Clethrionomys glareolus in Czechoslovakia (Gresikov/t et al., 1976) . Skalica virus could be differentiated from TBE virus by kinetic haemagglutination inhibition and complement fixation tests (Gresikovfi & Sekeyovfi, 1981) and was also shown to have reduced virulence for adult mice (Gresikov~ & Sekeyovfi, 1980; Rajcfini & Gresikovfi, 1982) . MAbs to the Far Eastern subtype of TBE virus did not react with Skalica, Langat and Powassan viruses (Gaidamovich et al., 1986) . That Skalica virus and TBE virus are distinct was also confirmed by the use of human TBE convalescent sera (Gresikovfi & Sekeyov~, 1987) .
The present study was conducted in order to characterize more precisely the Skalica virus isolate and to define its relationship to other members of the TBE serocomplex of flaviviruses.
Methods
Viruses. The following flaviviruses from serocomplex 1 were used in the present study: European TBE virus strain Neudoerfl and Far Eastern strain Sofjin, LI virus (strain OBM), Skalica virus (Gresikov~ et al., 1976) and LGT virus (strain TP21). 
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F. Guirakhoo and others Virus propagation, purification and radiolabelling. Viruses were grown in primary chick embryo cells in the presence of 0-1% bovine serum albumin (BSA). Radiolabelling was started at 6 h post-infection using a mixture of [35S]methionine and [3sS]cysteine (200 p.Ci each). After 30 h incubation at 37 °C the virus was harvested from the supernatants, concentrated by ultracentrifugation and purified by rate zonal sucrose density gradient centrifugation as described previously (Heinz & Kunz, 1981) .
MAbs. Two different groups of MAbs were used. The first group consisted of 19 MAbs, which were prepared against the E protein of TBE virus (strain Neudoerfl). They define three non-overlapping domains (A, A 1 to A5; B, B 1 to B5; and C, C 1 to C6) and three isolated antigenic determinants (il, i2 and i3) (Heinz et al., 1983; . The second group of MAbs (KH9, K15 and NEKHI) was prepared with the Skalica virus isolate (Kusch et al., 1986; G aidamovich et al., 1986; Gresikov~ & Sekeyovfi, 1987) . All MAbs were IgG except KH9 and K15, which were IgM.
ELISA. The reactivity of TBE virus strain Neufoerfl, TBE virus strain Sofjin, LI virus, Skalica virus and LGT virus with a panel of Especific MAbs was assessed in a four-layer ELISA as described previously in detail (Heinz et aL, 1986) . Essentially, guinea-pig anti-TBE Ig (2.5 ~tg/ml) was used to capture antigen (suckling mouse brain suspensions of the above viruses). Titration curves for each MAb were established and compared to those obtained with TBE virus strain Neudoerfl. Peroxidase-labelled sheep anti-mouse Ig (Amersham) was employed as detecting antibody.
For IgM MAbs (KH9 and K15), an additional step was used. Rabbit anti-mouse IgM serum (IgM/FC; Nordic) was incubated with MAbs prior to the addition of peroxidase-labelled anti-rabbit Ig (Amersham). For those three MAbs which did not react in the four-layer EL][SA (B5, il and i3), a three-layer ELISA was performed using purified virus preparations (2 ktg/ml) to coat the solid phase (Heinz et al., 1983) . By comparison of the titration curves the degree of cross-reactivity was scaled as 'unchanged', 'slightly reduced', 'strongly reduced' or 'no reactivity'.
Peptide mapping. Peptide mapping of radiolabelled viruses was performed principally as described by Cleveland et al. (1977) using SDS-denatured whole virus. Briefly, [3sS]methionine-and [3 sS]cysteine_ labelled viruses were precipitated by TCA in the presence of BSA. After incubation for 45 min on ice, the precipitates were collected by centrifugation, washed with cold acetone and resuspended in 0.125 MTri~HCI pH 6.8 containing 0.5% SDS and i0% glycerol. After heating at 100 °C for 3 min, the samples were subjected to limited proteolysis (30 min, 37 °C) using either a-chymotrypsin (from bovine pancreas; Serva) or V8 protease (from Staphylococcus aureus; Boehringer Mannheim) at a predetermined optimal concentration. The samples were then adjusted to 2% SDS/4% 2-mercaptoethanol and heated at 100°C for 3 min before SDS-PAGE using 15% gels according to Laemmli & Favre (1973) . Fluorography was performed at 70 °C using an X-omat film (Kodak).
cDNA synthesis and cloning. Genomic RNAs of LGT and Skalica viruses were prepared from purified virus suspensions by phenol and chloroform extractions and ethanol precipitation, cDNA was synthesized from approximately 200 ng of viral RNA using random hexanucleotide primers and other reagents from Boehringer Mannheim according to the manufacturer's protocol. However, following second-strand synthesis, the cDNA was purified by phenol and chloroform extractions and ethanol precipitated. Aliquots of this preparation were digested with the restriction enzymes AluI or HaeIII. Thus mixtures of small blunt-ended cDNA fragments were obtained, which were successively ligated into the Bluescript KS II (Stratagene) vector (linearized with SmaI). After transformation into competent Escherichia coli XL-1 blue (Stratagene) bacteria, white colonies were picked and used to prepare ssDNA according to the manufacturer's protocol.
Sequence analyses, ssDNAs from shotgun cloning were sequenced by the dideoxynucleotide method using Taq polymerase and fluorescein-labelled -21 M13 universal primers (Applied Biosystems). Reaction products were analysed with an automated DNA sequencer (model 370; Applied Biosystems).
Translations of nucleotide sequences and sequence comparisons were performed using the Beckman Microgenie software package (Version 4.0). This program calculates identity data as percentages of identical residues after optimized alignment of sequences, counting gaps as mismatches.
Results
Antigenic characterization
The antigenic structures of a European (Neudoerfl) and Far Eastern subtype strain (Sofjin) of TBE virus, as well as of LI and LGT viruses, were compared with that of Skalica virus by the use of a panel of E protein-specific MAbs in a four-layer ELISA. Most of the epitopes defined by these MAbs have been thoroughly characterized and form part of a structural model of the TBE virus E protein (Mandl et al., 1989) (see also Methods). As can be seen from the data summarized in Fig. 1 , characteristic reactivity patterns obtained for the viruses analysed allowed their clear differentiation. The Far Eastern subtype of TBE virus lacked all epitopes defined by MAbs C1 to C6, which were, however, present on LI virus. MAbs A4, i2 and i3 on the other hand allowed the differentiation of LI virus from TBE (Neudoerfl) virus, these viruses apparently being more closely related than are TBE (Neudoerfl) and LGT viruses. Most strikingly, the Skalica isolate had the same reactivity pattern as LGT virus, thus being quite distinct from the European and Far Eastern subtypes of TBE viruses, as well as from LI virus.
Peptide mapping
For peptide mapping, [35S]methionine-and [35S]cysteine-labelled viruses were subjected to limited digestion with ct-chymotrypsin and V-8 protease and then analysed by SDS PAGE (Fig. 2) . No differences in migration were observed for the E proteins of the different flaviviruses under the SDS-PAGE conditions employed (Fig. 2a) ; almost indistinguishable cleavage patterns were obtained after ~-chymotrypsin digestion. There was, however, some microheterogeneity, e.g. two polypeptides of LI virus, with Mrs of 14000 and 21500, migrated slightly faster than those of all other viruses (Mr 14500 and 22500) (Fig. 2b) . With V-8 protease (Fig. 2c) Fig. 1 . Cross-reaetivities of MAbs with TBE complex flaviviruses in a four-layer ELISA or a three-layer ELISA (MAbs marked by an asterisk) as described in Methods. El, Same reactivity as with strain Neudoerfl; [], slightly reduced reactivity compared to strain Neudoerfl ;~, strongly reduced reactivity compared to strain Neudoerfl; m, no reactivity. Anti-TBE, MAbs raised against strain Neudoertt of TBE virus ; Anti-SKA, MAbs raised against Skalica virus; NED, strain Neudoerfl (European subtype of TBE virus); SOF, strain Sofjin (Far Eastern subtype of TBE virus); LI, louping ill virus; SKA, Skalica virus; LGT, Langat virus. virus, as well as LI virus, yielded similar patterns with slight differences. The pattern obtained with Skalica and LGT viruses, however, was quite different. Both yielded a characteristic double band of Mr 27500 to 30000 and a band of Mr 12 500 which were not found with the other viruses. This is consistent with a close relationship between these two viruses and their distinctiveness from the other members of the TBE serocomplex.
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Partial nucleotide sequence of LGT and Skalica viruses
cDNA clones of LGT and Skalica viruses were obtained by a shotgun cloning procedure as described in Methods. The sequence analysis of several clones of both viruses yielded short (approximately 200 to 500 nucleotides long) fragments of sequence information. By comparison with the TBE virus sequence these fragments could be assigned to their positions on the flavivirus genomic map. As expected, their positions were found to be randomly distributed throughout the genome. Table 1 summarizes the information on seven sequence fragments of LGT virus and four fragments of Skalica virus. Altogether, a total of 2331 nucleotides (773 amino acids) of LGT virus genomic RNA were sequenced, representing 22~o of the genome (23~ of the polyprotein). For Skalica virus, 1236 nucleotides (411 amino acids), representing 11 ~ of the genome (12~o of the polyprotein), were sequenced.
Sequence comparisons
The amino acid sequences of LGT and Skalica viruses were aligned with the homologous sequences from the TBE virus polyprotein and percentage identity data were calculated (Table 2) . Thus, based on 23~ of the polyprotein sequence, LGT virus was calculated to share 85 ~ sequence identity with TBE virus. For Skalica virus (based on 12~ of the total polyprotein sequence), 86~ sequence identity was calculated. In Table 2 these values are compared to identity data obtained by comparing the corresponding amino acid sequences of the two subtypes of TBE virus (European subtype, strain Neudoerft, and Far Eastern subtype, strain Sofjin), as well as two virus types from the Japanese encephalitis (JE) antigenic complex [JE virus, Hashimoto et al. (1988) ; West Nile (WN) virus, Castle et al. (1986) ].
Thus, both LGT and Skalica viruses exhibit significantly (8 ~ and 9 ~, respectively) less sequence identity to TBE virus than do the two subtypes of TBE virus to each other. However, the identity between LGT and Skalica viruses and TBE virus is 8~ closer than that between JE and WN viruses.
The LGT-and Skalica-specific clones exhibit two overlapping sequence regions; clones L3 and $2 overlap by 61 nucleotides and clones L4 and $3 overlap by 355 nucleotides. The comparison of these overlapping sequences (Fig. 3) indicates that, in agreement with the analyses described above, these two viruses are very closely related genetically. Among the 416 nucleotides compared there are two base differences, only one of which causes a difference in the amino acid sequence (Fig. 3) .
Discussion
Although complete sequence analysis of the European (Mandl et al., 1988 (Mandl et al., , 1989 ) and the Far Eastern subtypes (Pletnev et al., 1986 (Pletnev et al., , 1990 of TBE virus has been done, (Mandl et al., 1989) .
"~ Proteins which, in part, are encoded by the respective sequence. Comparisons based on 23% of the polyprotein sequence (corresponding to the peptides encoded by fragments L1 to L7).
§ Comparisons based on 12% of the polyprotein sequence (corresponding to the peptides encoded by fragments S1 to $4). information on the molecular structure o f other members of the TBE serocomplex of flaviviruses is still rather limited. In the present investigation we have defined the sequence relationship between L G T and TBE virus and established the position of a virus isolate from Czechoslovakia (strain Skalica; Gresikovdt & Sekeyovdt, 1980 within the TBE serocomplex.
From the analysis of approximately 23% of the polyprotein sequence, L G T virus reveals an average identity (at the amino acid level) of 85 Yo to TBE virus. In contrast, the identity between the same sequences of the European and Far Eastern subtypes of TBE virus is 93 %. Similar data were obtained for Skalica virus. Thus, on a molecular basis, the viruses L G T and Skalica are clearly distinct from TBE virus. However, they reveal a higher degree of amino acid sequence identity to T B E virus than do most pairs of virus types within other flavivirus subgroups. Exceptions are the virus pair W N and Kunjin, which are almost as closely related as the two subtypes of TBE virus, and the virus pair JE and Murray Valley encephalitis, which seem to share a degree of identity almost as great as L G T and TBE virus (summarized from the literature in: Mahdi et al., 1989; Heinz et al., 1990) . The relationship of L I virus to TBE virus, as revealed by the M A b binding studies presented in this paper, may be even closer.
Skalica virus had already been differentiated from TBE virus by the use of M A b s (Gaidamovich et al., 1986; Gresikov~t & Sekeyov~, 1987) , as well as h u m a n TBE convalescent sera (Gresikovh & Sekeyov~, 1987) . The criteria employed in the present study (i.e. reactivity with a panel of E protein-specific MAbs, peptide mapping and limited sequence analysis) confirm these observations. The close relationship of Skalica and Langat viruses is most strikingly exemplified by the fact that they differ by only two bases a m o n g a total of 416 (Mandl et al., 1989) .
nucleotides compared. Further isolation of similar viruses will be necessary to confirm that LGT virus is truly endemic in certain parts of Europe. The molecular similarity of Skalica and LGT viruses and their distinctiveness from TBE virus, is also consistent with the different biological characteristics of these viruses. In the adult mouse both LGT and Skalica viruses have a reduced virulence upon subcutaneous inoculation as compared to TBE virus (Gresikovh & Sekeyovfi, 1980) . By analysis of MAb-escape mutants we have recently shown that a single amino acid exchange at position 384 in the E protein causes attenuation of TBE virus . With respect to the low virulence of LGT virus for adult mice, it is interesting to note that its E protein amino acid sequence differs from that of TBE virus close to the site at positions critical for attenuation of TBE virus.
